Abstract
and standard colorimetric techniques described by Kirkwood (1996) . 
Lipid extraction and measurements

150
Lipids were extracted on land by a modified one-phase solvent mixture of dichloromethane - reserpine was added to each sample before extraction for FT-ICR MS. Mass spectral peak magnitude for 153 each compound was normalized (in both modes) to the internal standard (i.e. reserpine) peak magnitude,
154
so that the mass spectral signals for each compound could be normalized to a fixed volume of seawater.
155
Ten g of hexadecanone was added to each sample before extraction for Iatroscan analysis. This internal 156 standard was then extracted with the lipids in the sample, and the amount measured in the final concentrate Gašparović, B., Penezić, A., Lampitt, R.S., Sudasinghe, N., Schaub, T. 2018. Phospholipids as a component of the oceanic phosphorus cycle. Mar. Chem. 250, 70-80.
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The particulate-derived lipid material collected was analyzed by direct-infusion electrospray charge ratio conversion. FT-ICR mass spectra were internally calibrated to achieve sub part-per-million 170 mass measurement accuracy which facilitates direct assignment of elemental composition from measured 171 m/z ratio and peak lists were generated from each mass spectrum at S/N >10. prymnesiophytes (nanophytoplankton) and for diatoms (microphytoplankton).
263
We quantified total particulate lipids and phospholipids (PL) by Iatroscan-TLC-FID (Fig. 4a ). This 
275
The water column POC profile shows surface POC enrichment (up to 202.3 µg L -1 ) and a decrease 276 in concentration with depth (down to 24.3 µg L -1 ) (Fig. 4b) . We do not have POC data for the whole water 277 column due to the irreparable damage to the samples during preparation. The contribution of PL to POC 278 range from 0.63 to 2.58% with an average of 1.54% (Fig. 4c) . The principal drawback of Iatroscan TLC/FID is its inability to resolve individual molecular 284 compounds in complex samples, thus providing only limited information on the sample composition.
285
Therefore, we performed direct infusion high resolution FT-ICR mass spectrometry to provide a detailed ionization mode decreased by 89% between the epipelagic and the abyssopelagic zones, while the PL 301 cumulative signal declined by 78% (Fig. 5a ). as a positively-charged ion and PE as a negatively-charged ion).
321
The relative abundance of known PL decreased with depth (Fig. 6a,e The acyl double bond equivalents (DBE, the number of molecular rings plus double bonds to 334 carbon in a molecule) and the acyl chain length facilitate insight into the structural characteristics of 335 identified PL. Average DBE (Fig. 6d,h 
Gašparović, B., Penezić, A., Lampitt, R.S., Sudasinghe, N., Schaub, T. 2018. Phospholipids as a component of the oceanic phosphorus cycle. Mar. Chem. 250, 70-80. phosphatidyl serine (PS), and (z-ad) phosphatidylinositol (PI).
352
We have observed that some PL dominate in the epipelagic (0-100 m depth), or below the 353 epipelagic to the abyssopelagic (100-4800 m depth). (Fig. 7a) . The highest relative 368 abundance decrease for unsaturated novel PL was observed between the epipelagic and the mesopelagic 369 zones.
370
The number of novel saturated molecular formulae (Fig. 7b) increased from epipelagic (on average 371 18) to the abyssopelagic (average 45), with an increased contribution to total lipid diversity. Molecular 372 diversity increased from an average 1.2% at the surface productive layer to 5.7% at the deepest Atlantic 373 (Fig. 7c) . The change in the number of unsaturated novel PL between the surface (on average 203 374 molecules) and deep ocean (average 192 molecules) is not significant, but a substantial increase was 375 noticed in the mesopelagic layer (Fig. 7b) . The contribution of novel unsaturated PL molecular formulas 376 to total lipid molecular formulae increased between the epipelagic and the abyssopelagic zone from 16.2 377 to 23.8% (Fig. 7c) . The molecular mass (Fig. 7d ) of saturated and unsaturated novel PL increased with 378 depth. For example, average molecular weight for saturated novel PL increased from 466.5 Da (at the 379 surface) to 648.7 Da (at 4800 m), whereas unsaturated PL showed an increase from 524.5 Da (at the 380 surface) to 623.1 Da (at 4800 m). Interestingly, we observe a depth-related increase in the degree of 381 unsaturation of novel unsaturated PL from an average DBE value of 5.0 in the epipelagic to 6.7 in the 382 abyssopelagic (Fig. 7e) . (Fig. 8a ) varied more with depth than H/C ratios (Fig. 8b) . The highest O/C was recorded for known 394 PL (on average 0.24), and declined for saturated (on average 0.21) and unsaturated (on average 0.19) 395 novel PL. PL characteristic is their richness in hydrogen and the H/C ratios were on average 1.89, 1.74 396 and 2.09 for the known, novel unsaturated and novel saturated PL, respectively (Fig. 8b) . Judging from the PO4 3-concentrations it was not a limiting nutrient, knowing that PO4 3-threshold values
416
for the phytoplankton uptake is 0.1 µmol l -1 (Justić et al., 1995).
417
The most significant output of phosphorus from the oceans is in organic debris sinking to the ocean 418 floor and becoming incorporated into sedimentary rocks (Tyrell, 1999). The sinking particulate P pool
419
(e.g., collected in sediment traps) is composed of particulate organic P (POP) (40%), authigenic 420 particulate inorganic P (PIP) (25%), which is formed when organic P is remineralized and reprecipitated that our research will provide a means to better understand the P cycling in the ocean and the capability 427 of PL for carbon sequestration.
428
Although total lipid and PL concentration, determined by the Iatroscan TLC/FID technique,
429
decreased with depth, we observed that PL contribute to a significant fraction of POC (1.54%) in the water column together with other lipid classes and a variety of other molecules that contribute to POC in the 431 oceans.
432
The depth-related relative abundance distribution of known PL indicate their production at the 433 surface layer and recycling in deeper layers. We note that the contribution of PG and PA (Fig. 6c and o) , 434 together with novel saturated and unsaturated PL (Fig. 7 .c) to all identified lipid molecules increased with 435 depth, which indicated that those PL are selectively preserved among other lipid classes during particle molecules can also be explained by efficient particle export during diatom and coccolitophorides
446
(Prymnesiophyceae) blooms. In general, diatom blooms can lead to substantial particle export that is 
451
The major PL in many species of algae are PC, PE and PG. In addition, PS may also be found in (Testerink and Munnik, 2011) . In this work we assigned a variety of PG, PE, PC, PA, PS and PI molecules.
455
Among them the most abundant with the highest molecular diversity were PG. Obviously PG were major 456 plankton membrane forming lipids at PAP site. Although the relative abundance of all known PL decreases 457 with depth, due to heterotrophic consumers that selectively degrade and alter PL, abiotic transformations,
458
and a substantial decrease of life below the euphotic zone, they are preserved to a different degree across as a P sink from the marine ecosystems on a longer time scale.
497
Obviously, there is a lack of knowledge on the molecular form of phosphorus stored in lipids,
498
production of those PL, and depth related molecular changes. Further research should be focused on those
499
PL molecular identification to further elucidate oceanic P cycling. These PL are primarily non-aromatic 
505
The degree of unsaturation of the novel unsaturated PL at the surface was quite high (average 506 DBE=5) and even higher than the majority of known PL with the exception of PI. We assume that the 507 majority of those PL represent the first stage of PL degradation concluding from the fact that they are still higher molecular sizes, as we observed (Fig. 7e) . Another explanation would be that some proportion of (Table 1) are probably important PL transformation products.
530
We assume that most novel unsaturated and saturated PL are formed during the transformation of ratio of novel unsaturated PL it seems that dehydrogenation is an important mechanism in their formation.
543
Conversely, hydrogenation is important for the formation of novel saturated PL. Marine bacteria and fungi
544
were shown to perform biohydrogenation (Rhead et al., 1971; Wakeham, 1989; Ferreira et al., 2015) . 
